Aims: Used as integrated tools, technology may improve access and outcomes of care. A new intervention that integrates multiple technologies called mI SMART has been developed, implemented, and evaluated by Nurse Practitioners. The aim of this paper is to present the initial effectiveness of a webbased, structure of sensors and mobile devices designed to overcome the known health determinant of access to care for rural, chronically ill patients by using technology. Methods: The study was conducted at a community primary-care clinic that provides free healthcare to impoverished adults. Adults with at least one chronic condition, a minimum of 3rd grade reading level, and without dementia/psychosis were recruited. Participants were given a Nexus7 tablet and Bluetooth self-monitoring devices. The intervention lasted for 12 weeks. Blood glucose, blood pressure, and weight were collected using the provided Bluetooth devices and means were evaluated with paired-samples ttests before and after the intervention. Results: Thirty participants were majority female, white, married, high-school educated or less, earning less than $20,000 per annum, and had multiple chronic conditions. Pre-intervention glucose, systolic blood pressure, diastolic blood pressure, weight and Body Mass Index were all reduced after the 12-week intervention. Conclusions: The mI SMART intervention is efficacious for use in improvised adults living in rural areas with multiple chronic conditions. As previously reported, the intervention was also shown to be feasible and acceptable to patients. The next step is a larger randomized controlled trial.
Introduction
People living with chronic conditions experience poor health, disability, and premature death [1] . Chronic conditions, such as heart disease and diabetes, are the leading cause of mortality in the world [2] . It is estimated that over half (117 million) of US adults have a chronic conditions, and 1 in 4 adults have multiple chronic conditions [3] . Furthermore, most health-care expenditures in the United States are due to chronic conditions [4] . Individuals with multiple chronic conditions often have difficulty achieving treatment goals because treatments are complex, advice for each condition can be conflicting, and multiple chronic conditions co-exists with social, physical and behavioral health disparities [5e8] . In addition, rural primary care practices are overburdened and care is often sought only for emergent issues where treatment cannot be centered on preventative or health maintenance services. Due to unique training, Nurse Practitioners (NPs) have an opportunity to develop, implement, and evaluate innovative interventions to improve the experience of chronic conditions for individuals experiencing health disparities and decrease burden for both patients and healthcare providers.
There is true potential for improving care of multiple chronic conditions for those living in rural areas through the integration and use of cost effective technology. The available literature on individual technology interventions is promising but there have been limited studies that provide evidence for improved outcomes, cost effectiveness, and cultural relevance [9] . Integrating empirically based technological interventions with effective workflow processes in rural health systems may allow for increased access, a shift to prevention and maintenance, and improved self-management ability [6, 10] . Current gaps in the literature have been identified as; non-integration of data into existing systems and healthcare records, limited reimbursement for technology interventions, poor understanding on how such interventions will affect work-flow processes, and the ubiquitous yet disjointed technology interventions. All of these identified gaps decrease use and increase complexity for both healthcare systems and patients. During development of technology interventions, the NP should focus on combining empirically tested interventions though the use of technology that are cost effective, culturally relevant, minimally disruptive to current workflows and that improve outcomes.
The mI SMART intervention was created by an NP using a model for developing complex nursing interventions [11] , to improve primary care access and outcomes of care for rural and underserved individuals living with multiple chronic conditions. The completed technology intervention combines a Health Insurance Portability and Accountability Act (HIPAA) compliant, web-based, structure of mHealth sensors (portable health monitors) and mobile devices to treat and monitor multiple chronic conditions. Different from what currently exists, mI SMART integrates NP care of multiple chronic conditions into one technology intervention. The mI SMART technology intervention allows patients to track diagnoses, medications, lab results, receive reminders for self-management, perform self-monitoring, obtain feedback in real time, engage in education, and attend visits through video conferencing. The technology intervention displays a record database to patients and NPs and provides a process for using such a technology intervention within the primary care setting. Integration into existing Electronic Health Records is in progress. The development, feasibility, and acceptability have been published separately [12, 13] . The purpose of this paper is to present the initial effectiveness of mI SMART for biophysical outcomes in persons with multiple chronic conditions who are living in rural areas of health disparity.
Theoretical underpinnings
Two theoretical models were chosen to direct this project. The first was the Quality Health Outcomes Model which was developed by the American Academy of Nursing's Expert Panel on Quality Health Care in 1996 as an expansion of Donabedian's structureprocess-outcome framework. The model has four major concepts, the system, the interventions, the patients, and the outcomes that have been operationalized in this study. The system is a free healthcare clinic, the intervention used is the mI SMART platform, the patients are low-income patients with multiple chronic illnesses, and the outcomes of interest were access to care, glucose, blood pressure, and body weight. The model describes the reciprocal relationship that occurs among patients, the system where care is provided, and interventions that impact desired outcomes [14] . Outcomes are also connected to the interactions of a patient with the particular healthcare system and with delivered interventions [15] .
To further direct the development and implementation of mI SMART, the Chronic Care Model [16] was used with the intention of making patient-centered, evidenced based care easier to achieve. The model involves six interconnected system changes in the health system, community support, self-management support, decision support, clinical information systems, and delivery system design. This model is operationalized through a prepared NP delivering planned interactions they helped develop, intensive patient self-management support, effective use of community resources, integrated decision support for the NP, and available information technology support. These concepts are designed to work together to strengthen the provider-patient relationship, improve communication, and improve health outcomes [16] .
Materials and methods

Design, aims and ethical considerations
The study design was a prospective, pre/post design using a convenience sample of people attending a free clinic between December 2, 2014 and December 8, 2015. The three following aims were accomplished by studying a sample of adults attending a free clinic experiencing multiple chronic conditions: (1) to describe the population of participants willing to use technology to treat multiple chronic conditions in rural areas; (2) to evaluate the initial effectiveness of mI SMART for improving biophysical outcomes of multiple chronic conditions; and (3) to begin to understand the interaction between characteristics of patients in rural areas and the use of technology to impact outcomes. The aims presented three corresponding research questions, as follows. 1) What are the baseline characteristics of individuals living in rural areas that experience multiple chronic conditions and are willing to use technology to receive primary care? 2) What are the differences between the participants baseline and post intervention biophysical outcomes (blood pressure, blood glucose, and weight)? 3) What are the relationships between rural patient characteristics and intervention outcomes? Before the study commenced, this research protocol was reviewed and approved by the Institutional Review Board (IRB) in accordance with 46 CFR 46.101b (Protocol # 1501534474).
Setting
The setting for enrollment in the study was Milan Puskar Health Right, a primary care clinic providing health care at no or low cost to uninsured or underinsured, low income, adults aged 18e64 living in West Virginia. The clinic provides direct healthcare, health education, medications, and social services for this patient population. The clinic has more than 28,000 patient encounters annually. Patients traveled to the clinic for initial enrollment into the study and then received care via technology for the remainder of the intervention. Our previous pilot studies using the EMR of the rural healthcare clinic where the intervention took place have identified that mean travel distance to this clinic for patients is 21 miles [17] .
Subjects
The population construct for the initial trial was people who were experiencing health disparities due to known determinants of health such as low income and lack of insurance. The target population was patients for whom attending frequent clinic visits was difficult due to a lack of transportation, or working hours that were not conducive to regular office visits, or burdensome travel to clinic. The accessible population were patients who qualified to attend the free clinic based on the clinic guidelines for low income. Potential participants were identified through the recommendations of NPs in the clinic. The sample was recruited from the accessible population based on the following inclusion criteria: being an adult over the age of 18, diagnosis of chronic conditions that could be monitored and treated using the mI SMART technology intervention. For example, participants could live with any combination of diabetes, obesity, hypertension, depression, or hyperlipidemia. Exclusion criteria included participants who did not speak or read English at a 3rd grade reading level, or those with dementia or psychosis that would prevent understanding of educational materials and study communications.
Study enrollment procedures
After the potential participants were identified by NPs in the clinic, they were contacted by the front desk staff and invited to participate in the study. These individuals were scheduled to come into the clinic to meet with the study team. The intervention was explained by one NP, and after the individual agreed to participate, informed study consent was obtained. All but one invited participant agreed to be part of the study. The sampling goal for this one group feasibility study was 30 participants and a total sample of 30 participants were enrolled. The sampling design was based on recommendations for sample size for feasibility studies [18] .
Delivering the mI SMART intervention
The mI SMART technology intervention looks like an application (app) (See Fig. 1 ). However, mI SMART is actually web based in order to be usable with any mobile device and operating system. The patient side of mI SMART combines synchronous and asynchronous patient education, reminders to perform selfmanagement, a record of self-monitoring readings with automated and personal responses from clinicians, notifications of medications due, secure asynchronous messaging portal, video conferencing for routine appointments, access to laboratory results, and research survey links. The full description of the mI SMART platform can be found in a previous publication of the feasibility and acceptability of the technology intervention in a rural state with patients who experience health disparity [13] . Each consenting participant was given Bluetooth enabled self-monitoring devices such as a scale, glucometer, blood pressure cuff, a Nexus 7 tablet, and three months of internet data service. The participants kept the equipment after the study period. Each participant used the mI SMART platform for 12 weeks to obtain healthcare from their location instead of traveling to the clinic. The period of twelve weeks was chosen to overcome the potential for Hawthorne effect, allowing participants to establish a routine of usual chronic condition monitoring and follow-up.
During the initial enrollment visit, each participant was given in person verbal and hands on instruction by one NP on how to use the tablet, the mI SMART platform, the self-monitoring devices, and personalized expectations from their NP of how often to use the self-monitors. Each participant was given a written copy of the instructions, recorded demonstrations were also available within mI SMART for the participants to view at any time, and contact information for study personal for live technical support. Study staff was available to answer any questions before the participant returned home to begin their 12-week intervention. During the 12 weeks, each participant used the video conferencing system to see their NP. The times of the video visits were arranged by the patients and the NP at their mutual convenience and the patient's need for care. Education videos related to care of their specific chronic conditions and live video conferencing with a health educator via the mI SMART platform were provided. The content of the videos and education were dependent on the unique combination of chronic conditions of the participant. Frequency of obtaining selfmonitoring readings varied by participant based on NP recommendations. Patients received individualized automated reminders for using the self-monitoring devices and taking medications. All self-monitoring readings received automated immediate feedback through mI SMART, and critical self-monitoring values were reviewed by a registered nurse. Appropriate referral was given when necessary.
Instruments and measures
At study enrollment, data was collected for baseline variables using pre-intervention questionnaires with the tablets. This initial data collection method was used to verify that participants could use the equipment prior to returning home.
Demographics
Using the provided electronic tables, participants answered selfreported demographic questionnaires at the time of enrollment. Age was collected as a continuous variable as years at the time of enrollment. Gender was collected as a dichotomous variable, male or female. The following demographic information was collected as categorical data with the categories listed separately in parenthesis: ethnicity (White, Hispanic, African American, Native American, Asian/Pacific Islander, other); marital status (single, married, separated, divorced, widowed, significant other) education level (less than high school, high school/GED, some college, 2-year college degree (Associates), 4-year college degree (BA/BS), Master's degree, Doctoral degree); income level (less than $20,000, $20,000-$34,999, $35,000-$49,999, $50,000-$74,999, $75,000-$99,999, $100,000 or more); employment status (employed for wages, self-employed, out of work and looking for work, out of work but not currently looking for work, homemaker, student, military, retired, unable to work). Number of unique diagnosis was collected from the chart as a continuous variable.
Quality of life
The Medical Outcomes Trust Short Form-36 Health Survey versions 2.0 (SF-36v2), was used to measure quality of life. The SF36v2 is a 36-item questionnaire that reflects eight general health concepts including physical functioning (10-item), physical functioning (4-item), bodily pain (2-item), mental health (5-item), emotional functioning (3-item), social functioning (2-item), vitality (4-item), and general health (5-item). Each item is coded with a numerical value, summed, and transformed to a scale ranged from 0 to 100 (the higher score, the better state of health). Reliability and validity of the SF-36 is supported by many studies. For diverse populations, item-internal consistency is 97% and itemdiscriminant validity is 92%. Reliability coefficients ranged from a low of 0.65 to a high of 0.94 across scales (median ¼ 0.85) [19] . The instrument is easy to administer in 5e10 min. Participants were asked to take this survey prior to intervention during enrollment and after 12 weeks of care while at home.
Loneliness
The 20 item University of California, Los Angeles (UCLA) Loneliness Scale (version 3) was used to assess loneliness. It reflects a conceptualization of loneliness as a complex phenomenon with both emotional and social components. The current version, Fig. 1 . Image of mI SMART Web application. version 3, appeared in 1996 and includes 11 positively worded and nine negatively worded items. All items can be answered using a Likert scale, with potential answers of "never," "rarely," "sometimes," and "often"; each answer is assigned a point value ranging from 1 (never) to 4 (often). Possible total scores range from 20 to 80, with 20 indicating no loneliness and higher scores indicating greater loneliness. Scores over 40 are generally considered to indicate loneliness. The scale has high internal consistency (Cronbach a of 0.89e0.94) and positive test retest reliability (r ¼ 0.73) (Russell and Cutrona 1980). Participants were asked to take this survey prior to intervention during enrollment and after 12 weeks of care while at home.
Depression
The Patient Health Questionnaire (PHQ-9) is a 9-item multipurpose instrument for screening, diagnosing, monitoring, and measuring the severity of depression. The tool rates the frequency of depressive symptoms as well as the presence and duration of suicidal ideation. The PHQ-9 can be completed in a few minutes and can be administered repeatedly to assessed for improvement or worsening of depression. The tool has a sensitivity of 88% and a specificity of 88% for major depression. Scores of 5, 10, 15, and 20 represent mild, moderate, moderately severe, and severe depression (Kroenke et al., 2001). Participants were asked to take this survey prior to intervention during enrollment and after 12 weeks of care while at home.
Biophysical outcomes
The physical measures of body weight, blood glucose and blood pressure were used because these are commonly collected at clinic visits as measures of chronic illness control. Participants had body weight, blood pressure, and blood glucose obtained upon enrollment into the study by the provided blue-tooth enabled scales, blood pressure monitors, and glucometers. All study participants received a scale as body weight impacts all metabolic illness outcomes. Those participants with diabetes received a glucometer and those with hypertension received a blood pressure monitor. Most participants received all monitors due to their combination of diagnoses seen in this population. Then these Bluetooth-enabled devices sent the readings directly to the study database. Participants continued to perform these physical measures and have these measures recorded at home with provided equipment as often as directed by their NP. The mI SMART technology intervention also provides automated prompts to obtain readings along with automated immediate feedback for readings within normal limits and timely feedback from study nurses with appropriate referral for abnormal readings. Goals for self-monitoring are set by the NP, are patient specific, and are displayed as green for normal results, yellow for slightly low or high readings and red for critical values. Participant Body Mass Index (BMI) was calculated using the standard calculation using height and body weight.
Data analysis
Data were analyzed using Statistical Package for the Social Sciences 24.0. Methods for analysis included a comprehensive descriptive analysis of all study variables, followed by bivariate analysis for significant relationships and differences among the study variables or groups. An analysis of biophysical measures was initially conducted for within group mean comparisons using paired-samples t-tests before and after the intervention. Categorical data with less than 5 per cell were collapsed so that comparisons could be made: ethnicity (white and non-white), marital status (married and single), education (less than high school, high school/GED, Some College/2year degree, Bachelors or higher) income (Less than 20 k, 20 ke34.9 k, 35 k or greater). Mean comparisons of biophysical outcome measures (pre/post -blood pressure, glucose, and weight) were then compared based on the dichotomous participant characteristics (gender, ethnicity, marital status) using independent sample t-tests. Subsequently, mean comparisons of the biophysical outcome measures (pre/post -blood pressure, glucose, and weight) based on education and income were accomplished using one-way between-groups analysis of variance.
Pearson correlation was used to explore the relationships among the continuous participant characteristics (age, number of people in the home, number of chronic conditions, # self-monitor results sent, page hits, PHQ-9, UCLA, SF-36) and mean scores of biophysical outcome measures (pre/post-blood pressure, glucose, and weight). The research design included two data collection points for survey instruments to assess for depression, loneliness, and quality of life. However, a low post-intervention response rate (N ¼ 9) did not allow for comparisons of these variables. The results for these measures are described at baseline. The level of statistical significance for all analyses was set at P < 0.05. Effect size for within group comparisons of biophysical measures was calculated using Cohen's d. Effect size for ANOVA tests between patient characteristics and biophysical measures was calculated using Eta squared. Confidence intervals were set at 95%.
Results
A total of 31 participants were asked to join the research study and 30 agreed to participate. The 30 participants were a mean age of 52 years (SD10.0, range 29e64). Of the initial 30 participants, 29 participants participated in the intervention for longer than the first week, the remainder participated for at least 12-weeks. Prior to intervention, three participants refused to complete all parts of the surveys. The majority of the population was female (70%), white (70%), married (60%), high-school educated or less (56.7%), earned less than $20,000 per annum (56.7%), and experiencing multiple chronic conditions (96.7%). The remainder of the demographic information can be found in Tables 1 and 2 . This young population reported significant loneliness with low depressive symptoms. The SF-36 scores in Table 1 indicate self-reports of moderate quality of life. Prior to intervention, three participants refused to complete all parts of the surveys.
Prior to the intervention, there were no differences for gender, marital status, education, and income in regard to blood pressure, random glucose, and weight. Pre-intervention, the study sample measured an overall mean body weight of 218 pounds (lbs) 
Biophysical within group pre/post mean comparisons can be found in Table 3 .
Pre-intervention, there was a medium positive correlation between age and systolic blood pressure (r ¼ 0.37, n ¼ 29, P ¼ 0.04) with higher age associated with higher systolic blood pressure. Conversely, pre-intervention, there was a medium negative correlation between age and diastolic blood pressure (r ¼ À0.44, n ¼ 29, P ¼ 0.02) with higher age associated with lower diastolic blood pressure. Age was not significantly correlated with any other pre/ post biophysical measurement. Number of people living in the home was not significantly correlated with any pre/post biophysical measurement. There was a medium negative correlation between number of chronic illness and diastolic blood pressure preintervention (r ¼ À0.43, n ¼ 29, P ¼ 0.01) and post-intervention (r ¼ À0.37, n ¼ 29, P ¼ 0.04) with lower numbers of illnesses associated with higher diastolic blood pressure. Number of chronic illness was not significantly correlated with any other pre/post biophysical measurement.
There was a medium positive correlation between number of self-monitor results transmitted and pre-intervention weight (r ¼ 0.37, n ¼ 30, P ¼ 0.04) with higher numbers of self-monitor results transmitted by those with a higher body weight. Number of self-monitoring results obtained was not significantly correlated with any other pre/post biophysical measurement. Number of interactions with the intervention web-site was not significantly correlated with any pre/post biophysical measurement. There was a medium positive correlation between total SF-36 score and preintervention diastolic blood pressure (r ¼ 0.46, n ¼ 28, P ¼ 0.02) with higher pre-intervention diastolic blood pressure being associated with higher total SF-36 scores. Total UCLA loneliness scores and PHQ-9 scores were not significantly correlated with any pre/ post biophysical measurement.
Discussion
The findings from this study begin to demonstrate that patients with low socioeconomic status are willing and able to improve their health status through the use of technology. Individuals receiving care at this rural clinic are in poor health having more than 4 chronic conditions and suffer from significant health disparity related to social, economic, and environmental disadvantage. Prior to this intervention, it was not known if use of technology would be feasible, acceptable or efficacious in rural, underserved populations living with multiple chronic conditions. The barriers to providing care with technology are often discussed when considering using technology in rural practices. These barriers include lack of patient willingness, ability, and access to internet [20e22] . However, the findings of this study begin to dispute these as barriers in this population.
The demographic characteristics of this population are similar to our previous studies [17, 23] except that the initial trial for mI SMART included a sample of more ethnically diverse individuals. Ethnic diversity in the sample did expose a difference in the body weight of participants prior to beginning the intervention. The findings related to body weight and BMI are consistent with other research in the area of rurality and obesity. Using national NHANES data, researchers discovered that higher rates of obesity are found in rural compared to urban participants for all ethnic groups. Rural residence was strongly correlated to obesity and remained significant after controlling for age, education, income, race/ethnicity, marital status, as well as diet and physical activity, indicating that rural residence is associated with higher obesity prevalence [24] . After the intervention in this study, there was no significant difference in weight between Ethnic groups, suggesting that those that needed to lose more weight benefited the most from the intervention. Though the small sample size of this study was small and did not allow for comparisons of various ethnic backgrounds, it is clear that obesity continues to be an issue in rural populations and needs to be considered in future iterations of this platform.
Many combinations of technologies, functions, and specific chronic conditions have been studied [25] . Prior review of interventions using technology suggested that the most successful intervention would be supported by theoretical models and include; a combination of multiple technology interventions, live technical support, enhancements for usability, face-to care communications, affordability, and back-up interventions for technical issues that cannot be resolved in real time [9] . This is the first trial of mI SMART, a technology designed to combine all of the above in order to provide a potential method to improve outcomes in a difficult to reach population. The structure of mI SMART facilitates a change in the care delivery system to improve self-management ability and patient/NP communication while decreasing burden for both patients and NPs. In addition, the significant changes in biophysical outcomes may have also been influenced by the willingness of the Nurse Practitioners in the clinic to implement mI SMART as a novel technology-based intervention in order to benefit their patients. The loneliness identified in this population is concerning to the study team given the recent national emphasis on loneliness [26] as a known contributor to multiple chronic conditions and poor health outcomes including worsening hypertension, heart disease, stroke, functional decline and mortality [27e30] . Knowing that patients in this population are experiencing the biopsychosocial stressor of loneliness leads to the consideration that interventions for this population should include strategies to identify and improve both behavioral and physical health outcomes. Further complicating the issue is the current knowledge regarding the cyclical nature of loneliness and chronic illnesses, with studies indicating that the isolation and decreased functional ability of chronic illnesses could also lead to worsening loneliness. Future technology based interventions could be adapted to include interventions that target loneliness such as LISTEN, an intervention developed by an NP that was designed to target loneliness as a unique psychological construct [31, 32] .
The main limitations of this study are the small sample size and lack of a comparison group. Moreover, the due to the convenience sample, participants were not assessed for being native to a rural population, were all between the ages of 29e74, and community dwelling. Hence, findings should not be generalized to other rural populations and clinics. All of these limitations will be addressed in a larger future randomized trial of the intervention.
Future steps will be multifaceted and will comprehensively evaluate the potential uses of mI SMART as a modality to improve delivery of healthcare by NPs at the system level in rural locations. Prior to larger trials, updates to the current technology intervention are needed based on feedback from both patients and NPs. Integration of data into existing systems and healthcare records is necessary to decrease complexity for NPs. Accessing multiple platforms takes time and introduces safety concerns that should outweigh potential concerns of data ownership. Reimbursement for technology interventions should be perceived as a long-term investment into population health instead of fee-for-service returns. Cost of providing this type of intervention to both the system and patient needs to be evaluated compared to the current standard of practice. The workflow process of mI SMART worked well in this specific clinic. However, assessments of workflow in each new area of implementation will need to be completed and implementation plans created for each new site. In addition, it is clear from the results of this study that future iterations need to specifically address obesity and loneliness as these clinical issues impact the outcomes of multiple chronic conditions.
Conclusion
The findings of this study provide additional information about the relationship between providing Advanced Practice Nursing care through the use of technology and individual patient outcomes. The baseline characteristics of individuals living in rural areas willing to use technology to receive care are similar to the general population of this rural state. This study used a pre/post design to identify mI SMART as a potential intervention for improving patient outcomes associated with multiple chronic conditions in individuals living with health disparities in rural and underserved areas. Participants of the first mI SMART trial improved their glucose levels, blood pressure, and weight in a short 12 week time frame. These findings support that improving rural patient outcomes of multiple chronic conditions with technology interventions by NPs is possible. Previous studies of individual interventions using mHealth interventions have focused on one single chronic illness or acute issues. However, this technique leaves rural practices overburdened with providing segmented care or dealing with emergent issues only. The change in focus to preventative, health maintenance, and routine chronic illness care specific to individualized patient needs may improve outcomes leading to decreased burden and complexity for both patients and practices. As previously reported, the intervention was also shown to be feasible and acceptable to patients. The next step is a larger randomized controlled trial. The focus of future work will include cost analysis, workflow disruptions and improvements, a focus on population health in addition to individual improvements, and longitudinal follow-up to determine if initial health improvements are maintained.
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